ABSTRACT. The prevalence of trypanosome infections in tsetse flies, Glossina pallidipes, collected from Chiawa and Chakwenga in Zambia with endemic trypanosomosis was assessed by polymerase chain reaction (PCR). Out of the 550 G. pallidipes, 58 (10.5%) flies were found to harbor trypanosome DNA. Infection rates of tsetse with Trypanosoma vivax universal, Trypanosoma congolense savannah, T. congolense forest and T. congolense kilifi were 4.2% (23/550), 4.7% (26/550), 1.1% (6/550) and 1.6% (9/550), respectively. To determine the mammalian hosts of T. congolense and T. vivax infections from the tsetse flies, mammalian mitochondrion DNA of blood meal in these flies were analyzed by PCR and subsequent gene sequence analysis of the amplicons. Sequence analysis showed the presence of cytochrome b gene (cyt b) of 7 different mammalian species such as human, elephant, buffalo, goat, warthog, greater kudu and cattle. Goats which were main livestock in these areas were further examined to know the extent of its contribution in spreading the infection. We examined the prevalence of trypanosome infections in the domestic goat population in 6 settlements in Chiawa alone. Of the 86 goats sampled, 4 (4.6%), 5 (5.8%), 4 (4.6%) and 4 (4.6%) were positive for T. vivax universal, T. congolense savannah, forest and kilifi, respectively. These findings showed that the host-source of trypanosome infections in vector fly give a vital information about spread of infection. The result of this study will certainly contribute in elucidating more the epidemiology of trypanosomosis.
Tsetse flies (Glossina spp.) act as the main vector for several trypanosome species in African countries with endemic trypanosomosis. The parasites are transmitted to mammalian hosts when infected flies feeding on the hosts [2] . Many species of tsetse fly infest about 10 million square kilometers and affect 37 countries in Africa [8] . Within this region, some 46-62 million heads of cattle and other livestock species are at risk of the disease [27] . The common species that cause disease in livestock are the tsetse-transmitted T. congolense and T. vivax, and to minor extent, T. brucei brucei [22] . An infection with one of those trypanosome species may result in a chronic, debilitating, emaciating and often fatal disease [5] . Food and Agriculture Organization (FAO) has estimated that this problem costs Africa >US$4.5 billion per year, which includes losses in agricultural production, perennial expenditure on trypanocidal drugs and other local intervention schemes in attempts to control trypanosomosis [6, 11] .
In Zambia, the prevalence of sleeping sickness (human trypanosomosis) is about 50 cases per year. On the other hand, the damage caused by nagana (animal trypanosomosis) is as much extensive. Trypanocidal drugs are used to control the outbreak of trypanosome infection, but new measures are needed because of the occurrence of drug resistant protozoan in the country [3] .
In the present study, we demonstrated a molecular epidemiological approach for both assessing the prevalence of trypanosome infections in field-captured tsetse flies and determining the possible mammalian host-source of the infection using the combination of species-specific PCR and sequence analysis of amplicon of tsetse-extracts-derived-DNA.
MATERIALS AND METHODS

Sampling sites and tsetse trapping:
The survey was carried out in two areas namely Chiawa and Chakwenga in the Lower Zambezi region of the Republic of Zambia in February, 2006 (Fig. 1 ). Almost all tsetse flies which were distributed in these areas were G. pallidipes [7] . In these areas, trypanosome infections in tsetse flies had previously been detected approximately 5% by microscopic examination (Regional Center for Trypanosome and Tsetse control, unpublished data). However, detailed epidemiology investigation was never performed.
In this study, we used biconical traps to collect tsetse flies [28] . Ten biconical traps were deployed in every 1 km distance along the Lower Zambezi river in Chiawa and one biconical trap in the forest of Chakwenga. To attract the flies, a 5 ml sachet containing 3-n-proplyphenol/4-meth-ylphenol/octanol (1:12:6, v/v/v) was attached to each trap, and a bottle containing 300 ml of acetone was placed at the trap entrance. The traps were positioned under tree shades to reduce fly desiccation due to heat. The trapped flies were collected daily and individually packed to avoid cross-contamination. These were examined microscopically to determine the species and sex.
DNA extraction: After removing the fly's wings, DNA samples were individually extracted by disintegrating the body using detergent lysis buffer (200 mM Tris-HCl pH 8.0, 5 mM EDTA, 0.3% SDS and 400 mM NaCl) containing 20 µg/ml of Proteinase-K (Wako Pure Chemical Industries, Ltd., Tokyo, Japan). Subsequently, phenol-extraction was performed as previously described [14] .
PCR: Repressing the DNA amplification of trypanosome gene from tsetse fly midgut by conventional PCR was previously reported because of the presence of certain inhibitors [24] The primer sets used are shown in Table 1 . Primers used correspond to the following taxonomic groups: T. congolense savannah, forest and kilifi, T. vivax West African type and universal. For the detection of T. vivax universal, cycling conditions had an initial denaturation at 95°C for 10 min, followed by 50 cycles of 94°C for 30 sec, annealing at 68°C for 1 min, and extension at 72°C for 1 min. A final extension was done at 72°C for 7 min. For the T. vivax West African type, T. congolense savannah and T. congolense forest, the amplification conditions were the same as above, except that annealing temperature was at 60°C while for T. congolense kilifi was at 57°C. The PCR products were resolved by electrophoresis through a 2.0% agarose gel. Positive and blank control samples were included in each set of reactions.
Sequence analysis: Identification of vertebrate host species was done by PCR amplification and sequencing of vertebrate mitochondrion cyt b from tsetse DNA extracts as previously described [26] . The primer pair L14841/H15149 was used for the amplification of vertebrate mitochondrion cyt b. The PCR conditions were the same as described above, except that the annealing temperature was 57°C. The PCR products were resolved by gel electrophoresis through a 1.0% agarose gel, purified using the Gene-clean-III Kit 
for 1 min, and 72°C for 2 min, with a final extension at 72°C for 10 min. The PCR products were purified again as mentioned above. Using the Quick Start kit (Beckman Coulter, Inc., Fullerton, CA, U.S.A.) according to manufacturer's instruction, PCR products were purified then sequenced and analyzed using the CEQ 2000 Dye Terminator Cycle Sequencing. Identification of the host species was performed using BLASTn. Vertebrate host was ascertained if sequences from at least five clones per fly corresponded to the same vertebrate host.
Detection of trypanosome in goats:
To survey the prevalence of trypanosome infection in goats. Blood samples were obtained from 86 domestic goats randomly selected among 6 settlements located in Chiawa where tsetse flies had been captured for the previous analysis. DNA samples were obtained from 0.3 ml of the blood samples' buffy coat layer using the Wizard TM Genomic DNA Purification kit (Promega), according to the manufacturer's instructions. PCR detection of trypanosome subgroups-specific gene fragments in the DNA templates were performed as described above. As internal control, goat β-globin gene was amplified using primer pair PC03/PC04 in each test sample.
Statistical analysis: Chi-square analysis was used to determine the significance of differences in trypanosome infection rates between female and male tsetse flies. P values of less than 5% were considered statistically significant.
RESULTS
The prevalence of trypanosome infections in tsetse flies:
Only G. pallidipes tsetse flies were captured in significant numbers from both the Chiawa and Chakwenga areas. Of the 492 (101 males and 391 females) and 58 (28 males and 30 females) flies captured in Chiawa and Chakwenga, respectively, 2.8% (14/492) from Chiawa and 15.5% (9/58) from Chakwenga were positive for T. vivax universal. However, no T. vivax West African type was detected from both areas. The detection rates of the T. congolense savannah, T. congolense forest and T. congolense kilifi in Chiawa were 4.2% (21/492), 1.2% (6/492) and 1.8% (9/492), respectively. Only T. congolense savannah was detected, 8.6% (5/ 58), in Chakwenga. Of the 44 flies from Chiawa, 38 (86.3%) and 6 (13.6%) had single and mixed infection, respectively (Table 2) . Among the flies with mixed infection, two had T. vivax universal and T. congolense forest, three had T. congolense savannah and T. congolense kilifi, and one had T. congolense savannah and T. congolense forest. Meanwhile, the overall infection rate of flies in Chakwenga was 24.1% (14/58) with all cases having single infection with either T. vivax universal or T. congolense savannah. There was higher infection rate in female G. pallidipes flies (40/391, 10.2%) than in male flies (4/101, 4.0%) (x 2 =13.87, P<0.005) ( Table 2 ). However, there was no significant difference in the infection rate between male and female flies in Chakwenga area.
The host-source of trypanosome infections in vector fly: To determine the host species in tsetse flies infected with T. congolense and T. vivax, we assayed for the presence of vertebrate host mitochondrion cyt b by PCR, and the amplicons were analyzed by sequencing. A total of 6 different mammalian species were identified from the infected flies captured in Chiawa such as human (Homo sapiens), African forest elephant (Loxodonta cyclotis), African buffalo (Syncerus caffer), goat (Capra hircus), greater kudu (Tragelaphus strepsiceros) and warthog (Phacochoerus africanus). Twelve samples had human mitochondrion DNA and 15 with mixed DNA from wild animals and livestock. This result was similar in Chakwenga except for the exclusion of warthog but inclusion of cattle (Bos taurus) ( Table 3) .
Four trypanosome-infected flies were positive for Caprine cyt b, suggesting that the flies could have become infected after feeding on goats. To determine this possibility, the prevalence of trypanosome infections in goats in Chiawa was examined further. A total of 86 goats from 6 settlements with various sizes were individually analyzed for the presence of T. vivax (universal and West African type) and T. congolense (savannah, forest and kilifi) DNA (Table 4) . A total of 14 goats (16.2%) were positive for trypanosome infections, with 4 (4.6%), 5 (5.8%), 4 (4.6%) and 4 (4.6%) of the cases being T. vivax universal, T. congolense savannah, T. congolense forest and T. congolense kilifi infections, respectively. One goat (1.1%) had mixed infection with T. congolense forest and kilifi, while another (1.1%) had T. vivax universal, T. congolense savannah and forest (Table 4) . 
DISCUSSION
Microscopic examination of dissected fly is a widely used method for the detection and identification of trypanosome species. However, this method fails to detect early infections and cannot differentiate the species in the case of mixed infections. PCR has the versatility to detect early infections and to identify parasite species in tsetse flies [9, 15, 19] . However, conventional PCR reagents has limitation of failing to detect up to 40% of trypanosome infections in tsetse flies which already confirmed by microscopic examination, due to PCR inhibitors present in the insect's midgut [24] . In the present study, to overcome this problem, we used the Ampdirect ® Plus PCR reagents that contain neutralizing substances for the PCR inhibitors present in tsetse DNA extracts.
In Chiawa area, T. congolense savannah is the most frequently detected species in tsetse flies followed by T. vivax universal and T. congolense kilifi, while T. congolense forest was least detected. Surveys using PCR to identify trypanosome in tsetse flies showed that mixed infections are common phenomenon in wild tsetse flies [16, 29] . However, further testing using other sets of primer for other strains is recommended to determine the possible existence of other trypanosome species and/or strains. Furthermore, in the Chiawa area where the majority of the tsetse flies were captured, the trypanosome infection rate of female G. pallidipes was 2.6 times higher than in the male flies. Similar difference has been reported previously [23] . This is likely because female flies have longer life span and feeding frequency than males. However, this difference was not observed in Chakwenga area probably because of the limited number of samples collected in the area.
A recently developed genetic approach for the identification of vertebrate species in specimens uses a PCR assay that targets the conserved regions of the vertebrate mitochondrial cyt b [1, 12] or 16S rRNA gene [10, 21] . Interestingly, this approach was applied to determine the hostorigin of the blood meal fed by tsetse flies within 96 hr [26] . Although PCR-restriction fragment length polymorphism (RFLP)-based method has the potential to develop into a powerful tool to know the host reservoirs of vector-borne diseases through comparison of known possible hosts [26] , however, this method cannot be used to identify unknown host reservoirs in the field. Therefore, in this study, we used sequence analysis to determine the host-origin.
By sequence analysis, we identified at least 6 vertebrate species in the tsetse DNA extracts collected in Chiawa. Based on our results, we observed higher detection rate of human mitochondrion DNA than other mammals, suggesting that G. pallidipes in the Lower Zambezi may have preference for human or this is maybe because the sampling sites were near settlement. Although, tsetse flies have been reported to show host preference in their feeding behavior Table 4 . Detection of trypanosome DNA in goats in 6 settlements in Chiawa
Number of positive goats/Number of goats examined (%) [4], this preference is also influenced by several factors such as geographical distribution of animal population, and the animal and tsetse fly species present in a particular region [25] . Moreover, since goat was among the host species detected in the blood meal from some of the flies, we further examined the extent of infection in goats particularly in Chiawa where goats are mainly raised. In our study, we detected 16.2% infection rate in goats, although no observed clinical signs of trypanosomosis. The above results lead us to hypothesize that domestic goats may also serve as a reservoir of trypanosome infection for other susceptible species such as cattle, though it has been commonly assumed that goats do not play a trypanotolerant important role in the epidemiology of trypanosomosis. Similar to N'dama, a trypanotolerant cattle, goats might be as well as reservoirs of trypanosome infection for tsetse flies [20, 22] .
Our findings have shown that domestic goats in Lower Zambezi may also serve as a reservoir of T. vivax and T. congolense infection for other species. Therefore, countermeasure against-infection in domestic goats, for example using trypanocidal drugs, may control the spread of trypanosome.
